4 Context: The influence of playing surface on injury risk in soccer is contentious, and 5 contemporary technologies permit an in-vivo assessment of mechanical loading on the 6 player. Objective: To quantify the influence of playing surface on the PlayerLoad elicited 7 during soccer-specific activity. Design: Repeated measures, field-based. Setting: 8 Regulation soccer pitches. Participants: 15 amateur soccer players (22.1 ± 2.4 yrs), injury 9 free with ≥ 6 yrs competitive experience. Interventions: Each player completed 10 randomised order trials of a soccer-specific field test on natural turf, astroturf and third 11 generation artificial turf. GPS units were located at C7 and the mid-tibia of each leg to 12 measure triaxial acceleration (100Hz). Main Outcome Measures: Total accumulated 13 PlayerLoad in each movement plane was calculated for each trial. Ratings of perceived 14 exertion (RPE) and visual analogue scales (VAS) assessing lower-limb muscle soreness 15 were measured as markers of fatigue. Results: ANOVA revealed no significant main 16 effect for playing surface on total PlayerLoad (P = 0.55), distance covered (P = 0.75), or 17 post-exercise measures of RPE (P = 0.98) and VAS (P = 0.61). There was a significant 18 main effect for GPS location (P < 0.001), with lower total loading elicited at C7 than mid-19 tibia (P < 0.001), but with no difference between limbs (P = 0.70). There was no unit 20 placement x surface interaction (P = 0.98). There was also a significant main effect for 21 GPS location on the relative planar contributions to loading (P < 0.001). Relative planar 22 contributions to loading in the AP:ML:V planes was 25:27:48 at C7 and 34:32:34 at mid-23 tibia. Conclusions: PlayerLoad metrics suggest that playing surface does not influence 24 mechanical loading during soccer-specific activity (not including tackling). Clinical 25 2 reasoning should consider that PlayerLoad magnitude and axial contributions were 26 sensitive to unit placement, highlighting opportunities in the objective monitoring of load 27 during rehabilitation.
Introduction 31
Soccer is characterised by an irregular, intermittent, and multi-directional activity profile, 32 increasing the complexity of its mechanical demands. The mechanical demands of soccer 33 and subsequent injury risk might be further influenced by the nature of the playing surface, 1 34 an extrinsic risk factor for soccer injury that has received relatively little consideration. 35 Soccer is traditionally performed on natural turf, 2 but artificial surfaces are increasingly 36 being used for both training and match-play due to greater consistency of the playing 37 surface, greater availability in respect to climatic challenges, and reduced maintenance costs. 38 However, each variation of playing surface will having specific characteristics and 39 mechanical properties, 3 with implications for mechanical loading and subsequent risk of 40 injury. 4 41 Reviews of the literature have typically reported no difference in overall incidence rates 42 between natural and artificial playing surfaces. 5, 6 However, the incidence of ankle injuries 43 has been associated with an increased risk on artificial surfaces. 7-12 Increased ankle 44 inversion and external rotation during cutting movements have been reported on artificial 45 surfaces, 1 with the task chosen to reflect the common mechanism of injury in soccer. The 46 influence of playing surface on injury risk might therefore be specific to injury site and type, 47 in part explaining the equivocal nature of the epidemiology literature. 48 Contemporary developments in GPS-based micro-technologies such as the tri-axial 49 accelerometer have provided an in-vivo measure of external loading in sports such as soccer. 50 3 13, 14 Brown and Greig used tri-axial accelerometry to retrospectively analyse the loading 51 response to a lateral ankle sprain injury sustained by a professional soccer player. 15 When 52 compared with the squad mean for the same training session, the injured player elicited 53 increased magnitude of loading in the mediolateral plane. The loading pattern was 54 consistent with the mechanism of lateral ankle sprain injury and highlights potential 55 association between loading response and injury risk. Total loading as relates to 56 accumulated workload via exposure to training and competition has also been strongly 57 associated with injury occurrence in elite youth soccer, 16 and collegiate football. 17
58
The GPS unit is typically worn in a customised vest which positions the accelerometer at 59 approximately C7, a location primarily based upon enhancing satellite reception for the 60 GPS-derived analysis metrics. However, recent studies have highlighted the sensitivity of 61 loading magnitude to unit placement, with alternative sites being developed in response to 62 specific injury risk. 18, 19 In a sport-specific example, Greig and Nagy compared C7 vs L5 63 loading given the prevalence of lumbar injuries in cricket fast bowlers. 18 In relation to the 64 high prevalence of ankle injuries in soccer, Greig et al. recently used a mid-tibia placement 65 to quantify loading during functional rehabilitation tasks aligned to ankle sprain injury. 19
66
The mid-tibia site was selected as providing anatomical relevance to the ankle (given the 67 prevalence of ankle sprain injury in soccer), without constraining movement. Furthermore, 68 the PlayerLoad metric can be calculated in each axial plane, providing greater richness of 69 data in respect to the mechanism and aetiology of ankle sprain injury, and with high 70 ecological validity. 15, 18, 19 The aim of the current study was therefore to quantify the 71 influence of playing surface on the loading response to soccer-specific activity, with loading 72 quantified at C7 and mid-tibia. The study was a repeated-measures design. To increase the ecological validity of our study, 77 all analyses were conducted on regulation soccer pitches. Three experimental trials were 78 completed in a randomized order, dictated by playing surface: natural turf (Grass), 2 nd 79 generation 'astro-turf' (Astro) comprising a sand-based surface with short synthetic grass, 80 and third-generation artificial turf (3G) comprising long synthetic grass with shock 81 absorbent rubber crumb infill between the grass fibres.
82
The soccer-specific field test 20 was standardised between trials, so that the playing surface Fifteen amateur male soccer players (22.13 ± 2.36 years) participated in the current study.
92
Inclusion criteria specified that in addition to weekly matches players had typical training 93 volumes ≥ 3 sessions•week -1 , had not suffered an injury in the 6 months prior to the 94 commencement of the study, were outfield players with ≥ 6 years competitive experience.
95
All bowlers provided written consent, and the project was approved by the departmental 96 research ethics committee, in accord with the Helsinki Declaration. Players completed three experimental trials, interspersed by a minimum of 72 hours. 21 A 99 familiarisation trial was completed with all players prior to testing to facilitate maximal 100 effort on the soccer-specific field test. Players were requested to refrain from vigorous 101 exercise, alcohol and caffeine for 48 hours prior to the testing. All sessions were conducted 102 at the same time of day to avoid any confounding interference from circadian rhythms, and 103 specifically between 12:00 to 15:00 hrs to reflect competition practice of this cohort. Given for surface (P = 0.55, ɳ 2 = 0.010), but there was a significant main effect for unit location 158 (P < 0.001, ɳ 2 = 0.823). Post-hoc testing revealed that total loading was significantly 159 higher at each mid-tibia than at C7 (P < 0.001), but no difference between the dominant 160 and non-dominant limbs (P = 0.70). There was no surface x location interaction (P = 0.98, 161 ɳ 2 = 0.003). This same pattern was evident in each axial plane, as summarised in Table 1 . There was 166 no main effect for surface in the anteroposterior (P = 0.31, ɳ 2 = 0.019), mediolateral (P = 167 0.70, ɳ 2 = 0.006), or vertical (P = 0.76, ɳ 2 = 0.004) loading. There was a significant main 168 effect for unit location, with loading significantly lower at mid-tibia than at C7 in all 169 planes (P < 0.001), but with the two limbs no different to each other in all planes (P ≥ 170 0.27). There was no surface x location interaction in any plane (P ≥ 0.83, ɳ 2 ≤ 0.012). The aim of the current study was to investigate the influence of playing surface on the 197 mechanical loading response to soccer-specific exercise. Playing surface was found to have 198 no effect on the loading response, when considered as a total accumulated value or when 199 considered in each axial plane. Since loading magnitude has been associated with increased 200 risk of injury, 15-17 this suggests no increased risk of injury when using artificial surfaces 201 rather than natural turf, supporting the majority of epidemiological studies. 5,6 202 Playing surface also had no influence on performance quantified as total distance covered, 203 or on perceptual markers of effort and subsequent localised muscle soreness. Whilst 204 previous research has identified no surface effect on prolonged soccer activity, 8,10,11 issues 205 have been raised in terms of players' perceptions of an increased risk of injury when playing 206 on artificial turf. 25 Players have specifically reported that artificial surfaces are more 207 physically demanding, 24, 26 which is contrary to the perceptions of the players in the current 208 study. These differences might simply be founded in the relative exposure and 209 familiarisation with artificial surfaces and the nature of the physical task, and therefore direct 210 comparison between studies should be treated with caution. In the present study the lack of 211 a surface effect in performance and perceptual measures were consistent with a lack of 212 surface effect in the loading response.
213
A secondary aim of the current study was to compare the loading elicited at C7 in 214 comparison with a lower-limb site used to generate greater validity in respect to injury 215 incidence in soccer. In the current study the unit placement was sensitive to both the 216 magnitude and pattern of loading, with the mid-tibia eliciting significantly higher total 217 loading magnitudes in all planes, and greater relative contributions to loading in the to the mechanism of lower limb injury. The C7 site is typically used with the unit placed in 233 a customised neoprene vest and located so as to optimise satellite signal reception for the 234 generation of GPS data and derivatives in distance, speed and acceleration. However the 235 tri-axial accelerometer is not constrained by the same requirements, and has previously been 236 used in indoor sports 28 and within a clinical rehabilitation context. 19 The placement of the 237 accelerometer can then be tailored to a bespoke consideration of injury location. Previous the planar loading response to functional rehabilitation drills designed to challenge the 242 mechanism of ankle sprain injury. 19 In the current study the soccer-specific test is both 243 11 intermittent and multi-directional, and performed at high intensity. This is designed to 244 replicate the physical challenge of soccer match-play, 20 but also presents relevance to 245 common mechanism of injury. 1 The loading response will also be task-specific, and as such 246 direct comparison between studies is limited and care should be taken when generalising 247 beyond the experimental paradigm used. Furthermore, all players were injury free at the 248 time of testing, and the sensitivity of this methodological approach to changes in loading in 249 response to previous injury warrant consideration. The prospective screening for injury 250 using this methodological approach, in addition to the influence of playing surface is also 251 worthy of future investigation and longitudinal study. Artificial surfaces have been 252 associated with a decreased risk of knee injury but an increased risk of ankle injury, 1,29 and 253 thus specific tasks might be designed based on the mechanism of specific injuries. Brown 254 and Greig further developed the planar loading metric to consider bilateral asymmetry in 255 loading, but this retrospective study used data collected at C7. 30 The acceleration data 256 collected at the lower limb might be able to identify bilateral and ipsi-lateral imbalances in 257 loading, differentiating between inversion and eversion loading for example. The analysis 258 might then also become increasingly aligned to the mechanism of injury, whilst retaining 259 the high ecological validity provided in the experimental design. There is also suggestion 260 that the increased risk from artificial surfaces might lie in the repeated exposure and 261 subsequent increase in overuse injuries, 31 and thus longitudinal considerations of loading 262 would also be beneficial. 
